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WEDGE FINS WITH SWEPTBACK LEADING AND TRAILING EDGES 
by Joseph A. Yuska 
Lewis Research Center 


SUMMARY 

The longitudinal static stability characteristics of three one-fifth scale 
models of the second stage of a sounding rocket were calculated and compared 
with the measured values at Mach numbers of 1.79 to 3.47. All three models had 
fins of trapezoidal planform with sweptback leading and trailing edges ^ small 
aspect ratio^ and thick wedge sections^ but differed in fin area and overall 
model length. Calculations of center of pressure and normal-force coefficient 
slope at zero normal force were in good agreement with experimental data. 


INTRODUCTION 

During the aerodynamic design of a two-stage sounding rocket having a long 
payload compartment^ it was foimd necessary to propose the use of fins having a 
trapezoidal planform with sweptback leading and trailing edges ^ small aspect 
ratio, and a thick wedge section to obtain adequate static stability of the 
second stage at high supersonic speeds. 

A general method (ref. l) for calculating the normal-force slope coeffi- 
cient and the center of pressure for a wing-body combination is well estab- 
lished, but the authors state that the method is restricted to configurations 
having trailing edges that are not swept back and also that seme successful pre- 
liminary correlations between data and estimates by their method have been made 
for configurations having trailing edges that are not swept back. A literature 
search revealed little additional specific information or data at supersonic 
Mach numbers on wing-body combinations having fins similar to the proposed 
sounding rocket configuration. Therefore, it was desired to determine if the 
supersonic longitudinal static stability characteristics of the proposed sound- 
ing rocket could be calculated successfully by using the method of reference 1 
and accounting for the increased lift of the wedge section by including the 
wedge effectiveness factor as described in reference 2. 


Three one -fifth scale models of the rocket were tested between Mach num- 
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bers of 1.79 and 3.47 in the Lewis 10- by 10-foot and 8- by 6-foot supersonic 
wind tunnels. The test data were compared to results of static stability cal- 
culations by the method mentioned previously. 

SYMBOLS 

axial-force coefficient^ axial force/qS 

Cm pitching-moment coefficient^ pitching moment/qSd^ measured about base of 
model 

pitching-moment coefficient slope at zero normal force^ SCjyj/Ba per 
^ radian 

normal-force coefficient^ normal force/qS 

normal-force coefficient slope at zero normal force ^ SC]\j/Sa per radian 
d reference lengthy body diameter^ 0.5 ft 

distance from station 0 to model base^ ft 
Mq free -stream Mach number 

q dynamic pressure ^ Ib/sq ft 

S reference area^ cross-sectional body area^ 0.1964 sq ft 

X^p/d center of pressure at zero normal force ^ measured from station 0^ 
calibers 

a angle of attack^ deg 

APPARATUS AW PROCEDURE 

Three models were used dioring this investigation^ all having an approxi- 
mately three-quarter power nose followed by a 6-inch-diameter cylindrical sec- 
tion having four wedge fins which were canted at 0.8^. The model nose co- 
ordinates are given in figure 1. Model A^ shown in figure 1^ was 65.9 inches 
long and had a fin planform area of 77.66 square inches. Model B was derived 
from model A by shortening the model to 61. 7 inches by removing the cylindrical 
section A shown in figure 1. Model C was obtained from model A by reducing the 
fin planform area from 77.66 to 70.34 square inches by removing section B 
(fig. 1). 


Axial and normal forces on the model were measured with a calibrated three - 
component bearing-type strain gage balance mounted inside the model at approxi- 
mately the center of pressure as shown in figure 1. The balance was then sting 
mounted to the tunnel central support system. A photograph of model B in the 
10- by 10-foot supersonic wind tunnel is shown in figure 2. The model angle of 
attack was measured directly by a strain-gage pendulum-type angle -of -attack 
transducer mounted in the nose of the model. The base and cavity pressure taps 
shown in figure 1 were used to obtain actual base drag^ which was subtracted 
from the balance drag. 
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The models were tested through Mach number ranges of 1.79 to 2.08 in the 
8- by 6-foot supersonic wind tunnel and 2.0 to 3.47 in the 10- by 10-foot 
supersonic wind tunnel with angles of attack varying from -3.0^ to 10.0^. 
Model test parameters are shown in table I and tunnel conditions in table II. 


RESULTS ML DISCUSSION 
Experimental Results 


Typical curves of normal-force and pitching -moment coefficients plotted 
against angle of attack for all tests are presented in figure 3. It can be seen 
from figiue 3 that and Cy[ are not zero at zero measured angle of attack. 

In the case of the data obtained in the 10- by 10-foot supersonic wind tunnel 
(figs. 3(a) ^ (c)^ ^ (e)) "the errors in the data could be attributed to 

inaccuracies in the meas-ured angle of attack combined with flow angularity. In 
the case of the data obtained in the 8- by 6-foot supersonic wind tunnel the 
consistency of error suggests either a flow angularity effect or a direct effect 
on the balance normal-force link produced by errors in the fin cant angle. 

The and data used to prepare and Xcp/d curves were ob- 

tained by fitting a straight line by the method of least squares through the 
data of figure 3 between angles of attack of -3^ and 4°. 

By definition^ the center of pressure measured in calibers from station 0 
is 

^cp /n \ 

d d “ ^ ^ 


This equation^ however^ becomes indeterminate at zero angle of attack because in 
theory Cjyj and C]^ are zero. Also^ the percentage errors in measured and 

Cm increase near zero angle of attack. Therefore^ the center of pressure at 
zero angle of attack is more accurately obtained by differentiating equation (l) 
with respect to a and using the slopes of the and Cm curves to obtain 


Xcp _ ha 

— = d ■ 


( 2 ) 


The experimental center of pressure calculated by equation (2) and the normal- 
force coefficient slope are shown in fig\ire 4. 


The axial-force coefficients at zero measured angle of attack are plotted 
against Mach number in figure 5. The axial-force coefficients have been ad- 
justed to a condition of free-stream static pressure at the base of the model 
and therefore represent power-on axial-force coefficients^ ass-uming there is a 
jet issuing from the entire base of the model. As expected^ the axial-force 
coefficients of models A and B were about the same since the only difference in 
the models was the cylindrical length and model B would have only slightly less 
skin-friction drag. The axial-force coefficients of model C were significantly 
less than the axial-force coefficients of models A and B because of the smaller 
fin area. 
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Comparison of Theoretical and Experimental 
Static Stability Characteristics 

The plots of normal-force coefficient and center of pressure against Mach 
number for the wing-body combination were calculated by the method of refer- 
ence 1^ which is the summation of forces and moments of the various geometric 
shapes with interference which make up the model configuration. The normal- 
force coefficient slope for the fin alone was obtained by using the experi- 
mental and theoretical data of reference 3 and applying the wedge effectiveness 
factor of reference 2 to the fin normal-force coefficient slope to account for 
the increased lift of the wedge section at supersonic speeds. This method of 
calculation has been applied successfully at a Mach number of 4.65 to a wing- 
body combination having wedge delta fins (ref. 4). 

As can be seen from figure 4^ good agreement between calculated values and 
experimental data was obtained for all models^ 9 and -7 percent for the normal- 
force coefficient slope and ±1.5 percent of the body length for the center-of- 
pressure location at zero normal force. The £orrelation of theoretical calcu- 
lations and experimental data for and X^^p/d as stated in reference 1 

is ±10 percent for the normal-force coefficient and ±2 percent of the body 
length for the center -of -pressure location at zero normal force. Thus^ the 
accuracy of the calculations of this report^ which include the wedge effective- 
ness factor of reference 2^ seems to be as good as that of the calculations of 
reference 1; however^ as previously discussed^ the method is restricted to con- 
figurations having trailing edges that are not swept back. Figure 6 shows the 
effect of excluding the wedge effectiveness factor from the calculations. 


CONCLUDING REMARKS 

Three one -fifth scale models of the second stage of a sounding rocket were 
tested between Mach numbers of 1.79 and 3.47 and angles of attack of -3^ and 
10*^ in the Lewis 10- by 10-foot and 8- by 6-foot supersonic wind tunnels. All 
models had an approximately three -quarter -power nose followed by a cylindrical 
section having four fins of trapezoidal planform with sweptback leading and 
trailing edges ^ small aspect ratio^ and a thick wedge section. The models dif- 
fered in fin area and overall model length. 

The normal-force coefficient slope and the center of pressure were mea- 
sured for each model. It was found that the estimates of these parameters, 
based on the calculation method of reference 1 and including the wedge effec- 
tiveness factor of reference 2, were in good agreement with the data, although 
the method of reference 1 is reported to be restricted to configurations having 
trailing edges not swept back. 


Lewis Research Center, 

National Aeronautics and Space Administration, 
Cleveland, Ohio, October 4, 1965. 
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TABLE I. - MODEL TEST PARAMETERS 


Test 

Model 

Model 

length, 

in. 

Fin 

planform 
area, 
sq in. 

Model 

roll 

position, 

deg 

Wind 

tunnel 

1 

A 

65.9 

77.66 

oA 

10- by 10-ft 

lA 

A 

65.9 

77.66 

o<i> 

8- by 6-ft 

2 

A 

65.9 

77.66 

45 XX 

10- by 10-ft 

3 

B 

61.7 

77.66 


10- by 10-ft 

4 

C 

65.9 

70.34 

0^ 

10- by 10-ft 


TABLE II. ~ TEST CONDITIONS 


Mach 

Total 

Dynamic 

Reynolds 

number 

pressure, 
Ib/sq ft abs 

pressure, 
Ib/sq ft 

number 
per foot 

10- By 10-foot supersonic wind tunnel 

2.00 

1430 

511 

2. 49x10^ 

2.09 

1492 

507 

2.48 

2.38 

1725 

482 

2.47 

2.78 

2545 

522 

2.34 

3.17 

3570 

529 

2.41 

3.47 

4695 

544 

2.47 

8- By 6 -foot supersonic wind 

tunnel 

1.79 

3140 

1240 

5. 03X10^ 

1.88 

3330 

1268 

5.0 

1.98 

3548 

1284 

4.9 

2.08 

3739 

1353 

5.03 
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Figure 2. - Model B mounted in 10- by 10-foot supersonic wind tunnel. 
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Free-stream Mach number 


Figure 6. - Comparison of calculated values with 
wedge effect and without wedge effect for longitu- 
dinal static stability characteristics for model A. 
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**The aeronautical and space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof.” 

— ^National Aeronautics and Space Act of 1958 
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